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Abstract 
Nano-scale magnetic materials such as Single Molecule magnet (SMM) attract attentions in 
research because of its applications in the spintronic devices and quantum information processes. 
SMM is a class of molecules which behave like a magnet even as a single molecule unit. Even 
though the bulk properties of these molecules are promising for the use of electronic materials, the 
control of the interface between the molecules and the metal-electrode and the characterization of 
the spin states are mandatory for successful use of these molecules in the spintronics application. In 
my experiments, we investigated a SMM bis(phthalocyaninato)terbium(III) (TbPc2) molecule film 
by using low temperature Scanning Tunneling Microscope (STM) and Spin Polarized Scanning 
Tunneling Microscope (SP-STM). The expected stronger molecule-substrate interaction, however, 
appears as intriguing dI/dV mapping image which reveals the spatial distribution of the density of 
states (DOS). We identify the contrast reversal in the dI/dV mapping for the molecules of θ=45o and 
θ=30o at the sample voltages of V=0.7 eV and 1.1 eV. In the first layer TbPc2 molecule film, the 
Kondo resonance is hardly observed, which is due to annihilation of the π radical spin by the charge 
transfer from the substrate to the molecule. Instead we observe a Kondo peak for the molecule on 
the second layer, for which the spin recovers due to the reduction of the coupling with the substrate. 
In addition, when a magnetic field of 2 T normal to the surface is applied, the second layer molecule 
shows a sharp dip at Fermi level. We attribute this to the inelastic tunneling feature caused by the 
spin flipping. This feature is not observed for the TbPc2/Au(111) system, suggesting the decoupling 
between the TbPc2 molecule and Ag(111) by the presence of the first layer produces inelastic 
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feature in the tunneling spectra. 
 In order to investigate the molecule substrate interaction by using STM, we observed the 
intermediate molecule-substrate interaction for Ag(111) substrate with  TbPc2  than that of Au(111) 
and Cu(111) substrate . Then, we demonstrate a direct visualization of the magnetic hysteresis of 
TbPc2 adsorbed on the Co islands which covers a sub-monolayer region of Au(111) surface by 
utilizing the SP-STM. In this experiment, we found that the TbPc2 molecule is spin polarized with 
attached to the ferromagnetic Co islands. The result of the SP-STM measurements showed that the 
spin of the TbPc2 is antiferromagnetically coupled to the magnetization of the Co island. Moreover,  
an opening in the hysteresis curve even with the frozen magnetization of the Co island, unlike that 
with near-zero remanence typically reported for the bulk crystal and non-magnetic substrate is 
observed. Moreover, to develop the storage device capability, encapsulated single walled carbon 
nanotube (SWNT) is the very promising and foreshadows material in the field of nanoelectronics 
because of its multidimensional and exceptional electronic and magnetic properties. In my STM 
experiment with TbPc2 encapsulated SWCNT, we have observed magnetic and superconducting 














わち、1 個の単分子磁石が 1 個の磁石として働くために、1 個の磁気記録素子となる。これを用い
れば「ムーアの限界」を超越することが出来る。単分子磁石の一つであるダブルデッカー型フタ
ロシアニン Tb(III)錯体（TbPc2）はフタロシアニン配位子にπラジカルをもつことから中性の単






一方、銅基盤を用いた場合、TbPc2 と銅基盤との相互作用が強くて、銅基盤から TbPc2 に電子が
移動してπラジカルと一重項を作るために、近藤共鳴は観測されなかった。そこで周期律表の金
と銅の間にある銀基盤を用いて近藤共鳴の実験を行った。TbPc2 の第一層では銅基盤と TbPc2 の
齟齬作用が強くて電子移動が起こって一重項となったために近藤共鳴は観測されなかった。一方、
TbPc2 の第二層では近藤共鳴が観測された。これは、第一層の TbPc2 が銀基盤と第 2 層の TbPc2
の相互作用を抑えたためにπラジカルが生き残って、今ために近藤共鳴が観測されたのである。
このように金＜銀＜銅の順で相互作用が強いことを明らかにした。 





必要な高度の研究能力と学識を有することを示している。したがって Ferdous Ara 提出の博士論
文は、博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
